A genuine communication between planners, decisionmakers, and citizens cannot be achieved without an open planning and decisionmaking process that involves the active participation of the citizens and community groups. To ensure meaningful participation of the public in the planning and decisionmaking process, communication channels and tools should be provided. Geographic information systems (GIS) have been recognized as an important tool for decision support and planning analysis, and have been widely implemented in many public and private organizations during the last couple of decades (Batty and Xie, 1994; Harris and Batty, 1993) . Traditionally in the planning and decisionmaking process, GIS is used by GIS professionals to integrate spatial and attribute data, conduct analysis, construct scenarios, and disseminate results. The public gets the chance to participate by commenting on thè well-prepared' outcome at the last stage. GIS has thus been criticized as top-down, technicist, elitist, and nonparticipatory (Aitken and Michel, 1995; Harris and Weiner, 1998) , and even antidemocratic because of differential access to GIS data, hardware, software, and`humanware' (Pickles, 1991; . The GIS technology used by public agencies can make a report seem more authentic and authoritative than it otherwise might be, regardless of the soundness (or unsoundness) of the underlying data and ideas (Obermeyer, 1998) . The lack of access to GIS data, software, and hardware by citizens makes it difficult for the general public and community groups to use GIS in participating in ongoing policy debates and the community planning process (Aitken and Michel, 1995; Curry, 1995; Obermeyer, 1995; Obermeyer and Pinto, 1994; Pickles, 1995; Rundstrom, 1995) . Certain groups and communities are thus marginalized (Harris and Weiner, 1998) .
and evaluation of technological issues affecting the society (Sclove, 1996) . In the GIS field, collaborative spatial decisionmaking (CSDM) is also proposed to handle spatial issues (Densham et al, 1996; Shiffer, 1999) . Some prototypes of spatial decision support systems have been developed (Jankowski and Stasik, 1997; . GIS is also used at the grass roots as a means to collect information on citizens' perceptions of local issues and preferences (Talen, 1999) . However, most of these spatial decision support systems have limited accessibility since they require proprietary stand-alone software installed in the users' local computers. Participants have limited or no direct access to them. Some have to rely on a facilitator (usually a GIS expert) to help the participants to put spatial objects and ideas on a GIS (Talen, 1999) .
The recent debate on GIS and society has brought out the idea of`public participation GIS' (PPGIS) (NCGIA, 1996) . The vision of PPGIS calls for the development of next-generation GIS tools that are easy to use and understand by the general public, and that are accessible to all sides of policy debate (Barndt, 1998) . In addition, the popularity of the Internet and the World Wide Web has brought some important changes in the process of information dissemination, communication, and transaction. Some Internet-based GIS applications have been developed to aid public participation in the decisionmaking process (Andrienko et al, 1999; Howard, 1999; Kingston et al, 2000; Sarjakoski, 1998; Shiffer, 1995) . The Internet-based PPGIS allows the public to participate in the issues being discussed anywhere with web access at anytime. It has the potential to reach a much wider audience and allow public participation in the very early stage of the planning and decisionmaking process. Since the system is targeted toward the general public, a proper system design and friendly user interface are essential.
In this paper I introduce a prototype of a web-based public participation system (WPPS) using Internet GIS that provides public participants with data, analysis tools, and various communication channels. The WPPS prototype provides users not only the option of evaluating, commenting, and selecting alternatives, but also the capability of forming their own alternatives. The graphic user interface has multimedia support that provides maps, tables, text, and photographic images and sounds. It also provides data-processing tools, such as map rendering, spatial queries, and spatial overlays, as well as other analysis tools. The users can use these processing tools to manipulate the data provided, and incorporate their own data for further analysis. The system prototype also offers several channels of feedback, including on-line chatting with planners or decisionmakers, e-mails, a discussion board, and instant messaging. All public comments can be archived and made available to the public.
I have organized the paper as follows. In the next section I briefly discuss the need for Internet GIS for public participation. In section 3 I address the function requirements of WPPS from the perspective of participatory planning and decisionmaking process. Taxonomy is provided in section 4, based on the contents support and functionality. The overall system architecture is provided in section 5, which is followed by the description of system components and design. The paper concludes with a discussion on the potential benefits of WPPS using Internet GIS as well as directions of future research.
2 Internet GIS and public participation Public participation has increasingly become a way to get the public involved in the community planning and decisionmaking process owing to a convergence of new legislative requirements, growing citizen activism, and changing professional values.
One could argue that the planning process and the decisionmaking process are different, but in this paper I consider the planning process and the decisionmaking process to be the same, but recognize that some planning processes involve decisions at a very broad and long-range scope of decisionmaking, whereas others involve very discrete decisions. Examples of the former would be: making decisions about the vision and broad recommendations for the future development of a city in a comprehensive plan; or the balance between modes of transportation in a transportation plan. Examples of the latter (discrete decisions) would be the decisions of a planning commission on a specific development proposal, in which their discretion is closely circumscribed by existing zoning and regulations. Both are planning and both involve decisionmaking.
Both also employ different modes of public participation. In the development approval example, public participation is limited to decisionmaking by citizen planners (board members), open meetings, and (sometimes) formal hearing processes. In a comprehensive planning process, presumably one would have more participatory planning processes, perhaps of several types. For example, one might have breakout group meetings, each with a facilitator to develop a vision or to generate a list of issues that the comprehensive plan needs to address. There might also be an advisory committee that is involved throughout the process, guiding the general direction and really providing much of the public input about what the community values and how much it wants to invest in those different values.
In a typical participatory planning or decisionmaking process, public participation moves through description, evaluation, and prescription (Talen, 1999) , or search, synthesis, and selection (Kaiser et al, 1995) . The forms of public discourse involve recollections of the past, descriptions of the present, and speculation about the future (Shiffer, 1999) . Arnstein (1969) makes a good point that there are significant gradations in public participation. She describes the level of public participation as eight rungs in a ladder: (1) manipulation, (2) therapy, (3) informing, (4) consultation, (5) placation, (6) partnership, (7) delegated power, and (8) citizen control. The bottom two rungs of the ladder describe levels of`nonparticipation'. Rungs (3) to (5) progress to`tokenism', allowing the public to hear and to have a voice. Further up the ladder are levels of citizen power with increasing degrees of decisionmaking clout.
Internet GIS can support and facilitate public participation in the planning or decisionmaking process at any point where public discourse and participation enter in. Moreover, it can become a forum around which community-based issues, information, alternative perspectives, and decisions evolve. This idea is referred to as`c ommunity-integrated GIS'' (Harris and Weiner, 1998) . It should be noted, however, that in this paper I deal only with the public participation part of the planning and decisionmaking process. I do not intend to automate the whole planning process by using Internet GIS.
Internet GIS refers to a network-centric GIS tool that uses the Internet as a primary means of providing access to distributed data and other information, disseminating spatial information, and conducting GIS analysis (Peng, 1999; Peng and Beimborn, 1998; Plewe, 1997) . It offers new means to access, collect, disseminate, and process spatial data and information on the Internet. It has many new features that are distinct from traditional desktop GIS, such as easy access and web-compatible user interface, which makes it a great means of spatial information sharing and processing, as well as multimedia presentations and public participation over the Internet. Many applications in Internet GIS have been developed to deliver GIS data and analysis functions on the web through the Internet (Batty, 1999; Coleman, 1999; Peng, 1999; Plewe, 1997 ).
Why Internet GIS? As quoted in Elwood and Leitner's (1998) report, a neighborhood group organizer said:``It's an issue of immediacy. If I find out there is a meeting at the [state] Capital in a week that I need to make a presentation at, I can't wait'' (page 81). Neighborhood groups usually need data and the maps now; they cannot wait days, let alone weeks, to obtain maps from the city or state government. In addition, Internet GIS offers advantages over the traditional town-hall meeting or public hearing, and stand-alone spatial decision support systems.
Internet GIS can overcome at least two obstacles in the traditional town-hall meeting or public hearing: the dominant vocal few and the inflexibility of meeting time (Kingston et al, 2000) . It is not uncommon in a town-hall meeting or a public hearing for a few vocal individuals to dominate the meeting, who usually have extreme views. But, these vocal few may not represent the opinions of the majority. Of course, even on the Internet, those vocal few may still dominate the chat room, but the use of the Internet at least allows those who refrain from expressing their concerns an equal chance to`speak up' (Kingston et al, 2000) . Internet GIS can increase the sense of participation equality.
Internet GIS offers citizens and neighborhood organizations instant access to data and data-processing tools anywhere at anytime. This opens up more opportunities for more people to participate in the public debate than the traditionally inflexible town-hall meeting schedule (Kingston et al, 2000) .
Furthermore, Internet GIS offers interactivity between the users and complex spatial and other information. The user can retrieve and query complex information efficiently right on the web page. More importantly, the user can construct alternativè what-if' analysis and get instant results. So the users can compare different results from alternative scenarios.
Internet GIS also offers advantages over the traditional desktop-based spatial decision support systems. The traditional desktop GIS programs are not equipped for the general public to access, process, and share spatial information. The requirement of proprietary GIS software and data has prohibited non-GIS professionals from making better use of GIS information and GIS technologies. Since the Internet GIS does not usually require a desktop program installed in the local computers, it provides almost universal access for the general public. Internet GIS can also take advantage of the vast capabilities of the Internet that offers multimedia presentations and two-way communications channels.
But the downside of the use of Internet GIS in public participation is that some people may not have access to the Internet. This would put low-income households at a disadvantage. Solely relying on web-based public participation systems for public involvement may have the potential to strengthen the voice of higher-income people who have easier access to the Internet, possibly overriding the voice of the poor. Therefore, in the absence of universal access to the Internet, other methods, such as the traditional town-hall meeting, should also be used.
Internet GIS has been used in many applications (Doyle et al, 1998; Muro-Medrano et al, 1999; Peng and Beimborn, 1998; Sarjakoski, 1998) . The system architecture of Internet GIS is evolving in its short existence. Early development looked at the Internet as a way to disseminate spatial data (Coleman and McLaughlin, 1997; Peng and Nebert, 1997) . But accessing spatial data on the Internet does not provide any GIS analysis functionality and is thus a very limited application. Later developments link existing GIS programs with the web server to provide users some limited GIS functionality on the web (Coleman, 1999; Conquest and Speer, 1996) . This approach takes advantage of existing GIS programs and their functions and delivers them to users through web browsers. Recent advances explore distributed components and three-tier system architecture (Andrienko et al, 1999; Kingston et al, 2000; Ran et al, 1999; Sarjakoski, 1998) . The distributed component approach adopts the client server model to distribute data and GIS processing components from the server to the web client, and is more efficient and scalable.
3 System requirements for public participation From the perspective of the participatory planning and decisionmaking process, a WPPS should have the following functions: exploration, evaluation, scenario building, and forum.
Exploration
A WPPS should allow the general public and community groups to explore or describe information about the past and present conditions of the community by providing a common database, analysis tools, and discussion board. The use of online maps can greatly reduce the ambiguity of the reference to a place or location. The provision of a common database and analysis tools offers a common ground to describe the existing conditions of an area. The discussion board can further strengthen the understanding of the various characteristics of a given geographic location by insights given by different participants.
Evaluation
The WPPS should clearly present users with different alternatives and their consequences so that the user can assess and make judgments on different alternatives. The WPPS should provide tools for users to evaluate alternatives. The tools could range from data query and search, to what-if scenario analysis. The complexity and the lack of understanding of the analysis models have traditionally handicapped the input from the public, despite the fact that some models are automated by using computer-based tools (for example, Batty and Xie, 1994; Harris and Batty, 1993) . Linking analysis models with a simple web-based user interface and simplifying the output report, the system puts the analysis tools in the hands of the general public. Users can compare the consequences of different alternatives themselves rather than solely relying on the analysis performed by planning professionals.
Scenario building
In addition to allowing users to evaluate alternatives, the WPPS should also allow users to form their own scenarios and draw different plans. The capability to form users' own alternatives is particularly valuable for the Internet GIS. It is this capability that distinguishes Internet GIS. The user inputs can become a basis for future discussion, which can be shared with others. For example, the user can see the consequence of a four-lane highway instead of the three-lane major road in terms of congestion level, costs, and overall impacts on the system by linking urban transportation planning models with the Internet GIS. However, the pitfall here is the potentially deterministic view of the analysis. That is, some impacts cannot be quantified or some users may put different values or judgments on some alternatives than others do. The other challenge is the steep learning curve for the public to understand the analysis models or scenario-building tools.
Forum
Based on the evaluation of options, the system should provide a mechanism for the public to express their preferences and vote for preferred options. The WPPS could become a forum for the public to discuss current issues and to be involved in the planning and decisionmaking process. It creates a virtual community where local knowledge, concerns, and wishes are expressed and discussed. It should be`issue driven' (Harris and Weiner, 1998) and`public centered'; in other words, the WPPS should be driven by issues that are of interest to local communities, and should focus on the interests of the general public rather than those of planners or decisionmakers. Internet GIS data and analysis tools become techniques to facilitate the discussion. Other nonspatial data, information, value judgments, and nonspatial technology are equally important. Although any planning or decisionmaking process will ultimately lead to some form of consensus building, the WPPS is not designed to be a consensus-building technique per se. In this regard, the WPPS is different from collaborative spatial decisionmaking (Densham et al, 1996; Shiffer, 1999) . Instead, it can be used to support a multidimensional expression of views surrounding a community issue. Therefore, WPPS enhances but cannot replace the traditional planning and decisionmaking process.
To address these function requirements, the Internet PPGIS could have the following functions. These function requirements are generic to all potential applications in WPPS, but could vary based on specific applications:
(1) The system should be Internet based and platform neutral to allow the widest accessibility. It means web-based client server architecture and an interface design that is not restricted by computer platforms.
(2) The system should support a distributed database management system to allow users access to data from different sources, remotely and locally. (3) A map-based coupled with HTML-based graphic user interface should be provided to allow users to interact directly with spatial objects on the web client. Functions include the support of map rendering, spatial search and query, and on-line editing.
(4) Analysis models should be supported to allow what-if analysis and alternative scenario building. (5) Multiple communication channels should be provided among users, planners, and decisionmakers to facilitate sufficient information exchange, including e-mails, discussion boards, on-line chatting, and other means of communication.
(6) A proper mechanism should be offered allowing users to express their preferences, select alternatives, and vote on-line. (7) The system should be highly scalable to allow further expansion as more data, models, and users evolve.
(8) The system should be compatible with current standards, such as those developed by the International Standard Organization (ISO) and Open GIS Consortium (OGC).
4 Taxonomy of a web-based public participation system Ideally, a WPPS should provide all of the above-mentioned functions allowing users to explore, evaluate, prescribe, and discuss planning and policy issues in the community. These are contents on the web. In addition, the rich contents have to be presented in a user-friendly and workable manner, which is the user interface and functions. Interface and its associated functionality or capabilities provide users with the means to interact with the contents. The quality of public participation systems on the Internet, like any other on-line information sites, depends on the contents, the interface, and functionality.
Based on different levels of contents and functionality, a WPPS could have various levels of services. Different levels of service represent different levels of public participations and user interactions. The lower levels of services represent the lower level of public participation whereas the higher levels of services represent the higher level of public participation. Table 1 provides a framework of a WPPS and categorizes the level of service provided based on information content and interface functionality. This framework was developed for a general purpose WPPS, although it was constructed with a public participation in urban transportation planning in mind. The interface and functionality may be different for different applications; hopefully the general framework, as shown in table 1, would still apply.
The rows in table 1 represent the contents of information on a WPPS site. Information provided may range from general information about the plan and the community, different plan alternatives, to data and analysis tools. The columns represent the level of functionality or capabilities which the web interface supports. It ranges from static information browsing to interactive searching and scenario building. In short, the contents represent what information is provided, and the interface represents what can be done with the information provided. The entries in each cell represent the level of service regarding the contents provided and the functionality supported.
The first level of content (level A) simply provides the basic and general information about the issues, decisionmaking process, and the status of the process. Although useful, it serves the purpose only of informing and does not offer users sufficient flexibility and input on exploring different alternatives.
The next level of content (level B) may include established plan options or scenarios, which are preconstructed by planners. The public gets a chance to comment on and/or express preference about desired options. But this level of service does not provide the public with the opportunity and tools to develop their own scenarios. It is simply informing the public about what is already proposed.
The third level of content (level C) may provide data for the user to download. Users could then form their own scenarios or alternative plans based on their own analysis tools. Furthermore, besides the data provided on the site, the user (such as a neighborhood organization) could use its own data to come up with its own plans.
The fourth level of content (level D) includes not only data but also analysis tools to allow users to perform what-if analysis on the web. For example, a simplified impact model can be provided on the web. The users can draw an alternative line for new highway development, or select an alternative site for waste disposal directly on the map. The models could provide the user with model results such as potential impacts on traffic conditions, delays, costs, and other information based on the user-specified alternatives. The users can form their preferred alternatives based on the analysis results.
The functionality on the web interface could range from simple information browsing, to on-line communications, to interactive information search and query, and, finally, to scenario development and on-line editing. The simplest web interface (level 0) can provide only text browsing and static map images. This is the minimal function to be supported. It provides no clickable maps or search capability. In other words, a map is a simple image, and the user cannot click on a map to get more detailed information.
The next level (level 1) of function support can provide graphic browsing by using graphic links embedded in map images (clickable maps). For example, a city map can be provided to link neighborhood information on each neighborhood on the map. The user is able to select a neighborhood on the city map. Each neighborhood is linked with specific information (for example, text and photographic images) about the neighborhood.
Furthermore, the hot-link capability of HTML allows a multimedia presentation associated with the image maps or spatially intelligent digital orthophotos. For example, pictures and sounds can be linked or embedded in a map or orthophoto that is associated with a geographic location. Users can click on these hot links on the map to see more detailed pictures about the location. This is very useful for presenting in-depth site-specific information while keeping the broader geographic content. But the system at this level does not provide direct data search and query capability. The limited size of the computer screen makes viewing large and complex maps difficult. For users to be able to interact directly with vector or raster GIS data on the Internet, the system needs other programs that can directly support spatial queries on the Internet.
At level 2, several communication channels can be provided, from e-mail feedback, to discussion boards, to instant messaging, and on-line chatting. E-mail is the basic on-line communication channel for the public to express their opinions. But e-mail excludes others from viewing the message and further commenting on the message. Therefore, a discussion board can make those comments available to others and inspire further discussion. Furthermore, instant messaging and on-line chatting can be used for the public to participate in live chatting amongst participants and between the public and the decisionmakers and/or planners. A unique feature of these communication channels for a WPPS is that they all support spatial feature selections, querying, and mapping. Finally, a voting mechanism can be developed to allow for on-line voting.
The next level of function support (level 3) can provide spatial search and attribute data search. Furthermore, it can also provide graphic interface to allow users to interact directly with maps. For example, if the user enters an address or points to a specific location on the map, the system can find that location on the map and all the information about that location. The user can render maps by zooming in and out, panning, or by conducting a spatial search. The spatial and attribute data are linked with a relational database in a database management system (DBMS) on the server.
Finally, level 4 of function support is capable of on-line editing and scenario development. The system can allow users to add and edit spatial features to the map on-line. For example, the user can draw a new corridor on the map to suggest a new highway alignment or draw a new site for a waste-dumping site. These suggested alternatives could be saved at the server and made available to others for discussion.
The main differences between different levels of functionality are twofold: the level of sophistication and interactivity; and the different system architecture. The level of sophistication and user interactivity increases from level 0 to level 4. For example, at level 0, the map is a Portable Document Format (PDF) map image, and the user can only look at it. But at level 1, the user can click on part of the map and read information about this location. At level 2, the user can comment on and discuss the plan on the map. At level 3, all elements of the map are linked to attribute data in the data server so that the user can query, search, and render the map. At level 4, the user will have all functions as at level 3, plus editing features and the ability to draw the user's own plan on the map. It should be noted that there is a significant difference between the functions at level 1 and level 3. The information linkage between the map and the descriptive information at level 1 is through URLs (Universal Resource Locators). When the user clicks a specific location on a map image, an underlying preprepared document page is displayed. At level 2 the spatial features and their attributes on the map are connected to a map server and/or DBMS. When the user makes a request, that request is transferred to the server; the server then searches the database and returns the query results to the user.
Different levels of functionality also require different system architecture. Levels 0, 1, and 2 can be implemented by using a simple two-tier architecture (web browser to web server), where all information is provided as HTML or PDF, and/or static image maps. But levels 3 and 4 require a three-tier network architecture that handles clientside user interaction and server-side database management. That is, the user interface on the web browser is linked with the web server, which is further linked with a GIS application server and/or database server.
The level of service of a WPPS ranges from the lowest at the upper left-hand corner (A0) to the highest at the lower right-hand corner of table 1. Higher level services usually, but not always, include the lower level services. For example, if a web site provides a C3 function, it usually provides functions at levels A0, A1, A2, A3, B0, B1, B2, B3, C1, and C2.
The level of service represents the level of involvement of the public in the planning and decisionmaking process. The lower levels of service, such as A0, A1, B0, and B1, represent the lower rungs of citizen participation in Arnstein's``ladder of citizen partici-pation'' (Arnstein, 1969) . They serve the purpose of informing or of information distribution. There is little or no two-way communication between the planners or decision-makers and the general public. The higher levels of service, such as C4 and D4, offer citizens a more active role in suggesting alternatives; these represent the higher rungs of citizen participation. Rather than being simply informed of the plan, citizens can offer their own suggestions and thus have a higher degree of participation and involvement.
These different levels of WPPS services serve different purposes and require different designs. If the purpose was to disseminate well-defined alternatives, an HTML with a static ready-made map image would be sufficient (level A0). The map images are ready-made by GIS analysts and planners and are used only as a reference. A slightly different variation is to link part of the map with another web page to describe more information about that part of the map, the clickable map (level A1). The public can participate in discussion by using e-mails, discussion boards, and on-line chatting (level A2).
If the purpose is to offer the user some flexibility to inquire about more information on different alternatives, a system with database connection and query capability should be deployed. Service at level B0 allows the user to browse detailed descriptions about different alternatives and their impacts. Service at level B3 provides the flexibility for users to interact with the spatial and attribute database, make queries, and perform a spatial search for each alternative.
If the purpose is to allow users with data to conduct their own analysis, services at level C should be provided. Users can download the data from the web site and incorporate local data sources. This is important for neighborhood organizations and coordinated planning among different departments of the same organization, where certain basic data are common but some agency-specific information is available only in certain departments. In addition, users can perform spatial queries and searches on the WPPS site based on the data and functions provided.
If the purpose is to allow users to form their own alternatives, analysis tools and on-line editing and scenario building should be developed. This requires services at level D4. This level provides the full potential of public participation. It not only provides data and GIS analysis functions, but also spatial analysis models. Users can draw their own plans and build their own scenarios based on the data and tools provided. However, a WPPS at this level demands extensive knowledge about spatial analysis, analysis tools, and the proper interpretation of the model results. Therefore, a simple interface design and a seamless connection between the GIS and the other analysis models are the key in implementation. In this paper I describe an Internet GIS approach to designing a high level of WPPS services, at level D4.
5 System architecture of a web-based public participation system To meet these function requirements at level D4, the system adopts a three-tier architecture as shown in figure 1. The three-tier architecture comprises the web browser (client tier), web server (server tier), and one or more server applications (application tier). The web browser is a user interface to gather user input. It supports JAVA and HTML. All map-based functions are constructed in a JAVA applet, whereas other functions are incorporated in HTML. The web server handles user's requests and transfers the requests to an application server. The server application is used to process user requests. The server application is composed of three components: a map server, one or more analysis model servers, and a database server. The map server is designed for map rendering and spatial analysis, the analysis model server is used to provide what-if analysis functions, and the database server is used to handle data management via DBMS. Data and analysis models can be accessed by all users for retrieval and analysis at the web client.
The architecture shown in figure 1 is a hybrid of client-based and server-based information systems. That is, users make queries at the web browser, and the process is conducted either at the JAVA applet for simple requests or at the application server for complex requests. A load balance mechanism is implemented at the web server to allocate tasks either to the server or to the client.
The framework introduced in figure 1 is a CORBA-compliant distributed system that is accessible over the Internet. CORBA is used because it can communicate with different components that are written in a variety of programming languages (C, C, Visual Basic, and so on) and may run on various Windows or UNIX platforms. Other distributed technologies, such as RMI and DCOM, can also be used. This CORBA-compliant distributed system is useful because different analysis models may have been written in different programming languages. 6 System components and design The framework in figure 1 can be implemented in a variety of ways. I report some methods in constructing the different components and the communications among them.
User interface design
An interface is where users interact with the application. Thus, its flexibility, accessibility, and ease of use are critical to the use of the application (Howard and MacEachren, 1996) . The user interface includes two parts: a map-based interface and an HTML-based web interface. The map-based interface is written in JAVA. It could also be implemented by using ActiveX controls and plug-ins that are equally able to be web client applications, although there are significant differences among plug-ins, JAVA applets, and ActiveX controls (Peng, 1999) . The difference between plug-ins, JAVA applets, and ActiveX controls is that plugins and ActiveX controls need to be preinstalled in the hard disk of the client's machine whereas the JAVA applets are not required to be installed locally. JAVA applets would disappear when the user quits the application and thus they do not take any permanent disk space in the user's local machine. The advantage of the local installation of plugins and ActiveX controls is that, for frequent users, there is no need to download the applications every time. But the drawback is that casual users may not want to take the time to download them. On the contrary, the initialization of JAVA applets may take some time each time the user opens the web browser, but the download is seamless and the user may not even notice the downloading process.
The second difference is performance. GIS plug-ins usually take a longer start-up time than JAVA applets and ActiveX controls. The JAVA compilers built into web browsers can make JAVA applets run almost as fast as local applications. But GIS ActiveX controls have a better performance advantage on the client side because they are able to access to the full platform functionality; for example, local files, memory, hardware, and software system controls which are unavailable to a JAVA applet because of security considerations (Peng, 1999) .
The third difference is security. Plug-ins and ActiveX controls are binary codes executing directly on the local machine's hardware. They have full access to local platform services, and thus involve greater risk to the local system. The user may distrust unknown plug-ins and ActiveX controls from the Internet and thus refuse to download them. The download and execution of JAVA applets are relatively more secure. JAVA has established the JAVA security framework to establish an intelligent, fail-safe stance for the execution of JAVA programs. On the browser side, JAVA applets run on the JVM (JAVA Virtual Machine) on the user's local device. They have no access to local system resources thus pose little threat to the safety of the local system (Weber, 1998) .
The last difference is the platform dependency or portability. JAVA applets are not platform dependent, which gives them the widest accessibility. They can be run on any platform regardless of what operating systems and platforms are used as long as a JAVA-enabled browser is supported. GIS plug-ins and ActiveX controls are platform dependent. This means that the program has to create various plug-ins specifically for each platform. Furthermore, not all browsers directly support ActiveX controls. For example, if the user is using Netscape Navigator, a plug-in has to be installed in order for Netscape Navigator to support ActiveX controls because Netscape Navigator does not directly support ActiveX controls on its own and will ignore any controls embedded in a web page.
Considering the pros and cons of different options, this program chose JAVA applet as the web client for users to interact with map objects. The JAVA applet provides functions for map rendering (zoom, pan, and so on), query, and spatial search. It communicates with the web server and the data server through JAVA Object Request Broker (ORB) over TCP/IP connection. But it should be mentioned that, with the support of Microsoft and the integration of other OLE-compatible applications, the ActiveX controls could be another viable client-side application for interacting with maps.
The nonmap-based interface is constructed in standard HTML. Functions include descriptions of alternatives, on-line voting, communication channels (e-mail, discussion board, and on-line chatting). The HTML and the JAVA applet are integrated seamlessly on the web page. When the HTML page is loaded, the user's request is sent to the web server, which reads in the Interoperable Object Reference (IOR) string as a parameter. This IOR string allows the web server to locate the JAVA applet, which is then sent to the web client for processing. To maximize the flexibility, the JAVA applet is functioned on its own window.
A unique feature of this user interface is that it is a GIS-based system with an interactive map interface. Users can interact directly with spatial objects on the map. The JAVA applet allows the user to work on vector GIS data, rather than a static map image. In addition to some map-rendering functions, such as zoom and pan, the map-based user interface also provides address matching, spatial query, and search functions. Furthermore, this user interface also provides local data access and linkage with planning analysis models.
Local data access
Being able to access local data provides users the flexibility of adding more localized data in the analysis. Specialized local data can help the user explore and discover issues beyond the data provided at the server by the planning agency or governmental body. But the usefulness of this function is not clear because some users may resent using an Internet system that can access local computer resources, owing to security concerns. Another issue is that not many citizens, besides neighborhood organizations, have local data.
On-line editing and data archive
The capability of on-line editing and drawing is essential for the public to explore and create their own alternative plans. The user-sketched plans could be saved back to the server for each user, who can retrieve them the next time he or she wants to work on them again. Each user is provided with a user name and password for identification purposes. An alternative is to save the data and edited plans to the user's local computer rather than save them back to the server. However, if data are to be stored in the local computer, the user cannot access them in other locations.
Map server functions design
Since downloading large JAVA applet and GIS data takes a significant amount of time on a slow network connection, not all processing is handled by the JAVA applet. Some complex geoprocessing (for example, large image processing and complex spatial overlay that involve large amounts of data) is carried out by the map server. Although many commercially available programs can be used, this application uses MapObjects and MapObjects Internet Map Server (IMS) by ESRI as map server. Basic functions supported by the map server include address matching, attribute search, spatial search, and overlay.
Another function of the map server is to communicate with one or more analysis model servers. When the map server receives a remote call from the web client to execute another model, a method is needed to invoke the method on the other model. There are different ways for remote method invocations, such as remote procedure call (RPC) and Object Request Broker (ORB) method invocations. I applied ORB method invocations by using CORBA's Internet Inter-ORB Protocol (IIOP) services, because an ORB can broker interobject calls within a single process, multiple processes running within the came machine, or multiple processes running across networks and operating systems (Orfali et al, 1999) .
Database management systems
The database module is a relational database with an open-architecture design to ensure interoperability between different components of the system and among map server and different analytic models, because specific data requirements are different and are usually not known in advance when dealing with complex systems. The database module supports three standard protocols: the Structured Query Language (SQL), Open Database Connectivity (ODBC), and JAVA Database Connectivity (JDBC) protocols. Therefore, most existing commercial DBMS such as Microsoft Access, SQL server, and ORACLE 8i can be used to store, access, and manipulate the database.
Users can search and access the database from the Graphic User Interface in the JAVA applet and HTML through typical SQL commands. Therefore, users can manipulate the data by conducting complex spatial and nonspatial querying, searching, and reporting. The data access security is handled by internal security mechanisms inside each database protocol. For example, for CORBA access, the server administrator grants and restricts access privileges. For JDBC and ODBC, the protocols have certain security features such as encryption to ensure secure access (Orfali et al, 1999 ).
Analysis models component
The purpose of analysis models is for the public to perform what-if analysis. Many potential analysis models could be used and made available on-line. Some of the models could be very complex and are very data-intensive, such as transportation planning models and land-use models. To present the whole model to the public is too overwhelming. Therefore, the key issue in the system design is to minimize the user input and to simplify the output report.
For example, the traditional urban transportation planning model that involves trip generation, distribution, mode choice, and assignment (Meyer and Miller, 2000) is very data intensive and requires a lot of model calibration and validation. It is impossible to teach the general public to use it for the purpose of public participation. Therefore, we have to limit the variations to the change of highway or transit alignment, and/or the number of lane changes. The public may suggest a change of alignment of the proposed highways, or change from four-lane arterial to threeland boulevard. The model is set up to limit the change options only to these two types of changes. Once the user draws an alternative highway alignment and specifies the number of lanes, these changes are sent to the transportation model component. Because the WPPS limits the user input, only the part of the urban transportation planning model (trip assignment) needs to be run. The model returns the following output to the user: the reduction of system-wide travel time, and the travel time for the targeted road segments. The user can compare the output with the proposed alternatives. He or she can also share the output with other users' experiments on the discussion board.
As discussed before, the communication between the map server and the analysis models is the CORBA model. The input parameter is fed into the model via the network segment on the map, and the resulting output is returned to the web client. Other models could also be easily added. The relationship among these analysis models can be constructed by using the Interface Definition Language (IDL) standard established by the International Standard Organization (ISO DIS 14750). IDL is a basic scripting language used to specify the interface between each module. By using IDL standard, different analysis models can communicate via the module interface.
Communication channels
Four communication channels are created: e-mail, discussion board, instant messaging, and on-line chatting. The e-mail link provides the simplest and the most straightforward communication between the user and the planners and/or decisionmakers. But the comments and responses made are not available to other users. The discussion board fills this void by providing an archive of comments made by the public. It also creates a virtual community in which to exchange ideas and to communicate with each other on the same issue. Any user can start a discussion topic by creating a thread. Instant messaging provides users real-time communication among themselves. This is very useful when they are working on the same map. On-line chatting provides another real-time communication channel between the public and the planners and/or decisionmakers. A planner or a decisionmaker can set up an on-line chat at a specific time so that anyone who is interested in the discussion can join the chat. Typically, the public submits a question to the host (a planner or a governmental official), and the host answers the questions. This is similar to the virtual town-hall meeting. One unique characteristic of this on-line chatting is that the host can use the map and spatial query to illustrate a statement and all participants can see the drawing and query results on the map from their own local machines.
In addition, a voting system is set up for the public to vote on a particular option or to rank different options. A mechanism is set up to avoid double counting. That is, only one vote is counted from one computer, regardless of how many times the people who use the machine voted. Another option is first to ask every voter to register, and then each registered voter gets one and only one vote. This is an important means to collect information about public preferences in the future when the computer is as popular as the telephone.
Data sharing or image sharing at the discussion board
The user can share his or her alternative plans in the forms of text, map images (GIF or JPEG), or maps with vector data. In a complex situation, a description of an alternative plan would be lengthy; therefore the use of map images is more visual. The question is whether the system should provide the user with the capability of providing the actual vector data to post it to the discussion board, so that other readers can do further analysis. The use of map images is straightforward; users can just save the screen and paste it as an image. But the saving of real vector data, even providing a link, is more challenging because to provide a personalized service, the user must first log in using his or her own user name and password to access his or her own data and analysis in the JAVA applet.
Conclusions
In this paper I introduced an integrated framework for a web-based public participation system using Internet GIS. It is an attempt to design a system that integrates Internet GIS, Internet communications, web technologies, and analysis models. The system is designed to enhance the public participation in the community decisionmaking process by providing the general public with data, techniques, and a forum to explore knowledge, express opinions, discuss issues, evaluate alternatives, and propose their own alternatives. The unique characteristics of the WPPS is that it creates a virtual community and offers GIS analysis tools to allow the user to participate in the community planning and decisionmaking process anywhere at anytime.
The WPPS provides opportunities for the public and neighborhood groups to participate in the planning process direct from their homes on the click of the mouse at any time (Craig, 1998) . But, the ultimate success or failure of a WPPS is dependent on the degree of involvement of the public in using the system, the correct usage and understanding of the system, and the handling of conflicting public opinions in the decisionmaking process. The increased popularity of the Internet and the web may encourage more people to participate in the discussion of local community concerns. But there is no assurance that enough people will participate. Efforts need to be made to encourage the public to use the system. The second issue is that most people are not spatially aware; some of them even have difficulty in understanding maps, let alone some highly specialized analysis models. Efforts should be made to make the system user-friendly and easy to understand. The third issue is the accountability issue (Kingston et al, 2000) . That is, how do we ensure that the opinions expressed are a true representation of the whole community rather than those of a small special interest group? How do planners and decisionmakers identify this bias and act on the interest of the whole community? How do we protect the interests of those voiceless minority groups who may not have access to the system or do not adequately express themselves? These are not technical issues that a WPPS itself can solve yet are important issues that need to be further addressed. Furthermore, although a WPPS makes public participation easier, it will not help unless planners make the effort to integrate the participants' feedback and suggestions in the planning and decisionmaking process.
